Background and Purpose-Intravenous tissue plasminogen activator (tPA) is an economically worthwhile but underused treatment option for acute ischemic stroke. We sought to identify the extent of tPA use in Canadian medical centers and the potential savings associated with increased use nationally and by province. Methods-We determined the nationwide annual incidence of ischemic stroke from the Canadian Institute of Health Information. The proportion of all ischemic stroke patients who received tPA was derived from published data. Economic analyses that report the expected annual cost savings of tPA were consulted. The analysis was conducted from the perspective of a universal health care system during 1 year. We estimated cost-savings with incrementally (eg, 2%, 4%, 6%, 8%, 10%, 15%, and 20%) increased use of tPA for acute ischemic stroke nationally and provincially. Results-The current average national tPA utilization is 1.4%. For every increase of 2 percentage points in utilization, $757 204 (Canadian) could possibly be saved annually (95% CI maximum loss of $3 823 992 to a maximum savings of $2 201 252). With a 20% rate, Ͼ$7.5 million (Canadian) could be saved nationwide the first year. Conclusions-We estimate that even small increases in the proportion of all Canadian ischemic stroke patients receiving tPA could result in substantial realized savings for Canada's health care system.
A cute ischemic stroke (AIS) is a leading cause of death and disability in Canada, with Ͼ55 000 new cases annually, for an annual cost to the Canadian economy of $2.7 billion (Canadian dollars). 1 Intravenous thrombolysis with recombinant tissue plasminogen activator (tPA) is an effective treatment for AIS, with nearly 40% of tPA-treated patients returning to their prestroke level of function within 90 days. 2 Nonetheless, only 1.4% of AIS patients received this medication in Canada during 1999 to 2001. 2 Fortunately, many medical centers are implementing programs for AIS care that increase the access to tPA, with centers such as Kingston Regional Stroke Centre administering tPA to Ͼ20% of its stroke patients. 3 Economic studies in the United States, Canada, and the United Kingdom demonstrate that health care costs for tPAtreated AIS patients are lower than those for their untreated counterparts because of the decreased need for long-term care and rehabilitation. 4 -7 Using a decision-analytic model, Demaerschalk et al 4 estimated that $600 (Canadian) per patient is saved in Canada during the first year after tPA, compared with the medical costs for a stroke patient not treated with tPA. 4 From this estimate, we extrapolated the national and provincial cost savings of increasing the proportion of stroke patients receiving tPA.
Materials and Methods
We calculated national and provincial cost savings estimates for tPA-treated AIS patients in the first year after treatment. The calculations were made with this formula:
National or provincial cost savings in year 1ϭ(annual incidence of ischemic stroke)ϫ(cost savings in year 1 per treated patient)ϫ(percentage of tPA-treated patients).
The annual incidence data for ischemic stroke were derived by multiplying by 0.88 the data for 1999 obtained from the Canadian Institute of Health Information for all causes of stroke (ICD-9 [8] codes 430 to 438). 8 We conservatively estimated a cost savings of $600 (Canadian) per tPA-treated stroke patient in the first poststroke year. 4 Sinclair et al 6 reported a substantially higher savings estimate of $3800 (Canadian) per tPA-treated patient over a lifetime (maximum 30 years). The cost-savings in the first year per tPA-treated AIS patient was converted from $600 (Canadian) for year 2000-based data to year 2005 Canadian dollars using the Bank of Canada Consumer Price Index. 9 To reflect current and reported proportions of tPA-treated stroke patients, we tabulated national and provincial population cost estimates across a range, starting from 1.4% and including 2%, 4%, 6%, 8%, 10%, 15%, and up to 20%. The 20% estimated ceiling figure represents what is currently achievable at stroke centers. 3 A sensitivity analysis was performed using a CI from the 5th to the 95th percentile (Ϫ$600 [CI, Ϫ$3481 to $2004]) estimated by Fagan et al. 5 The 1996 United States-based interval was adjusted to 2005 US dollars according to the US Consumer Price Index, 10 then converted to Canadian currency (US $0.859ϭCan $1.00). These values were then multiplied by 0.91 to account for whole economy cost differences between Canada and the United States. This factor was determined by comparing published costs of Canadian and US stroke care. 5, 11, 12 
Results
In 1999, a total of 55 841 ischemic strokes occurred nationwide in Canada ( Table 1 ). The cost savings estimate for 2005 was $678 (Canadian) per tPA-treated AIS patient during the first posttreatment year. On the basis of the Canadian Activase for Stroke Effectiveness Study (CASES) rate of tPA use (1.4%), the estimated national cost savings for Canada for tPA-treated acute stroke patients after 1 year was Ͼ$500 000 (Table 1) . With an increase to a 2% rate of tPA use, and for every 2 percentage point increase thereafter, Ͼ$750 000 (Canadian) could be saved during poststroke year 1. If 20% of ischemic stroke patients received tPA, Ͼ$7.5 million in Canadian health care funds could be saved nationwide the first year.
The estimated 95% CI was Ϫ$3424 (maximum cost savings) to $1971 (potential loss) in the first year per tPA-treated AIS patient. The results of the sensitivity analysis for the national estimates are illustrated in Table 2 . By increasing the 1.4% proportion of tPA use to 20%, the maximum cost-savings to the national economy could be $38 million, with potential losses up to $22 million.
Discussion
Policy makers face challenges in balancing the burden of rising health costs with meeting the health needs of an aging population. Doing so requires an understanding of the complex evolving relationships between health care advances and the national economy. Economic analyses in North America and abroad indicate that thrombolysis for AIS is clinically and economically worthwhile. 4 -7 This finding is supported by our estimates that tPA use could save millions of dollars nationally. It also suggests the possibility of even greater savings with modest increases in tPA use. We have already published our estimates, which used similar methods, of the economic benefit of increasing the use of tPA for stroke in the US in 2005. 13, 14 
Yip and Demaerschalk Estimated Cost Savings of tPA Use
These savings reflect a small proportion of the overall cost of stroke; however, the savings are attributable to positive outcomes such as reduced disability and long-term care needs. Furthermore, these estimated savings could substantially offset the cost of establishing organized stroke care systems to increase access to tPA. In Ontario, Canada, the Coordinated Stroke Strategy (an acute stroke care system) was estimated to cost Ϸ$15.3 million annually. Potential secondary gains from increasing tPA use include faster reallocation of hospital beds, reduced equipment and home modification needs, and reduced caregiver burden. 15, 16 The maximum proportion of ischemic stroke patients who receive tPA was selected on the basis of estimates in the medical literature and on the best performance of North American stroke centers. Estimates of the proportion of stroke patients who present to a hospital within the first 3 hours are as high as 62%. [17] [18] [19] [20] Estimates of the proportion of stroke patients who are eligible for tPA (who present in Ͻ3 hours) and receive tPA are as high as 35%. 19, 20 Therefore, we propose a maximum figure of Ϸ20% (0.35ϫ62%ϭ22%). Our analysis has a few limitations. First, the stroke incidence data (1999) and the cost data (2000 -2001) are outdated, and neither reflects the actual levels for the year 2006. We estimated, in earlier published work, that using outdated cost data likely results in an underestimate of the potential cost-savings. 14 Second, the consumer index-based corrections likely do not reflect the actual changes in stroke care costs during this period. Third, the 95% CIs were derived from US cost data. Although these data were adjusted to mitigate time-and nation-based differences, the estimates may deviate substantially from actual costs. Fourth, the direct costs of stroke care may have changed since 2000. For example, according to the Heart Disease and Stroke database of the Canadian Institute for Health Information, the average length of stay in a hospital after a stroke declined across Canada by nearly 5 days between 1994 and 1999. 21 Fifth, the generalizability of the cost data, which were derived from Ontario-based sources, may have limited application to other geographic locations in Canada. Finally, the 95% CI suggests that the costs of treating with tPA may actually exceed the savings rather than the reverse.
At the Caro Research Institute, an economic analysis was developed that estimated that widespread access to organized stroke care could prevent disability in 60 000 Canadians and save $8 billion net in health care costs over 20 years. 22 In addition to the use of tPA, this optimal care included organized stroke units, rehabilitation strategies, improved public awareness of stroke, and prevention therapies. The potential savings for enhancing the proportion of acute stroke patients who receive tPA to 20% is Ϸ$800 million in 20 years, representing 10% of the overall $8 billion estimate.
The challenge ahead lies in improving access to thrombolysis, a highly rated indicator of "best practice" stroke care identified by the Canadian Stroke Quality of Care Study expert panel. 23 Research on barriers limiting tPA use, strategies to mitigate these barriers, and the experience of advanced stroke centers suggest that increasing the use of tPA is feasible. 24, 25 Efforts should be made to educate the public and paramedics about early recognition of stroke, to develop acute stroke therapy training programs for emergency departments, and to re-engineer hospital systems to optimize thrombolytic efficiency. 24, 25 Several Canadian initiatives are underway to coordinate interdisciplinary stroke teams to reduce morbidity and mortality in stroke patients, to control hospital costs, and to mitigate the need for long-term health care; these include the establishment of designated regional and district stroke centers, regular hospital feedback to identify gaps in care and encourage improvement toward feasible standards, and government-sponsored auditing. 23, 26 
